: The liquid fraction of clouds in the mixed-phase cloud regime (−38 • C < T < 0 • C) simulated by SOCOL-AERv1 based on ECHAM5 during a one-year simulation (solid circles). 12hourly model output in all grid boxes with clouds is averaged in 1 degree temperature bins, with standard deviation bars included. The red curve shows the fitted sigmoid function (Hu et al., 2010) for the supercooled liquid fraction, SLF Hu , derived from CALIOP Lidar measurements on board of the CALIPSO satellite. In its aqueous chemistry scheme, SOCOL-AERv2 adopts the satellite SLF to calculate the liquid water content from the model's total water content, LWC = SLF Hu × TWC. Figure S5 : Evaluation of modelled SO 2 dry deposition against North American measurement sites from the WMO database (Vet et al., 2014) . SOCOL-AERv1 and SOCOL-AERv2 are compared with measurements in two different time periods, 2000-2002 and 2005-2007 . The ensemble standard deviation for the model results is shown as vertical bars. A power regression between the simulation results and measurements is shown in blue, and can be compared to the one-to-one line shown in black. Two model evaluation metrics are listed on the plots: the goodness of fit of the power regression between model and measurements (R 2 ) and the fraction of sites for which the model is within a factor of 2 of measurements (f 2× ). Points are colored according to the measurement network of the sites. Figure S6 : Evaluation of modelled sulfate aerosol dry deposition against North American measurement sites from the WMO database (Vet et al., 2014) . SOCOL-AERv1 and SOCOL-AERv2 are compared with measurements in two different time periods, 2000-2002 and 2005-2007 . The ensemble standard deviation for the model results is shown as vertical bars. A power regression between the simulation results and measurements is shown in blue, and can be compared to the one-to-one line shown in black. Two model evaluation metrics are listed on the plots: the goodness of fit of the power regression between model and measurements (R 2 ) and the the fraction of sites for which the model is within a factor of 2 of measurements (f 2× ). Points are colored according to the measurement network of the sites. 
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